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Soils originated from the long-term arable plots at the Experimental Station of the Institute of Soil Science and Plant 
Cultivation in Osiny near Puławy, Poland. Winter wheat was a plant in which investigations were carried out throughout 
the crop rotations. The experimental units include three types of farming systems: ecological, conventional and integrated. 
The experiments with application of generically different organic fertilizers, crop rotations, tillage, kind and doses of plant 
pesticides made it difficult for us to analyze the results. Our investigations indicate the effects of ecological system, namely 
the increase of urease activity, accumulation of total nitrogen, organic carbon and decrease in concentration of ammonium 
and nitrate ions compared with a conventional and integrated system.  
 






Rapid changes to farming systems allowed an 
unprecedented increase in agricultural productivity 
but also had a number of negative impacts on 
ecological properties of agricultural systems, such as 
carbon sequestration, nutrient cycling, soil structure 
and functioning, water purification, and pollination 
[9]. The supply of mineral fertilizers may efficiently 
contribute to equilibrating the ratios between the 
various nutrients and to adjusting the supply of 
nutrients to the demand for targeted crop yields. 
However, mineral fertilizers should not in the first 
instance be used to compensate for insufficiently 
controlled losses of plant nutrients provoked by 
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In agricultural soils, nitrogen is dominated by 
organic forms and approximately 40% of total soil 
nitrogen is present in the form polymers such as 
proteins and peptides [13]. The polymers in dissolved 
organic nitrogen in soil play a key role in soil 
nitrogen fluxes, since depolymerization of these 
compounds by extracellular enzymes, free amino 
acids, and amino acid reserves in the soil solution are 
often higher than those of ammonium and nitrate 
[20]. Further, since proteins are the major inputs of 
nitrogen into soil solution, depolymerization of these 
organic macromolecules to monomeric dissolved 
organic nitrogen may be considered rate limiting for 
the overall nitrogen cycle in soils [11]. 
Many biological properties that have potential 
as sensitive indicators of soil quality, enzyme 
activities often provide a unique integrative 
biological assessment of soil function, especially 
those catalyzing a wide range of soil biological 
processes, such as urease. Enzyme activities control 
rates of soil nutrient cycling and are valuable 
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The objective of this study was to compare the 
impact of the farming systems on the content of 
nitrogen forms and urease activity in the soils. 
 
2. Material and Method 
 
Soils originated from the long-term arable plots 
at the Experimental Station of the Institute of Soil 
Science and Plant Cultivation in Osiny near Puławy, 
Poland (51°25’ N, 21°58’ E). This station has been 
carrying out experiments since 1994. Soil sub-
samples were collected in May 2000 from 20 places 
and the upper 20 cm which were mixed for the reason 
of preparing a “mean sample”.  
The experiments were conducted on grey-
brown podzolic soil, on a good wheat and very good 
rye complex with loamy sand, valuation class IIIA-
IVA according to 1994 FAO. The arable plots design 
was a split-plot experiment with single replicate on 
the fields all plants simultaneously. Each of the arable 
plots was limited to 1 ha.  
Winter wheat was a plant in which 
investigations were carried out throughout the crop 
rotations. The experimental units include three types 
of farming systems: ecological, conventional and 
integrated.  
Table 1 gives the main characteristics of the 
farming systems. 
 
Table 1. Selected elements of agrotechnics of winter wheat in the soils of three farming systems  





Red clover with grass 










Fertilization 30 t ha
-1 of compost under 
potatoes 
N-140 kg ha-1 
P2O5-60 kg ha-1 
K2O-80 kg ha-1 
straw of winter rape and  
winter wheat 
N-85 kg ha-1 
P2O5-55 kg ha-1 
K2O-65 kg ha-1 
30 t ha-1 of compost  
under potatoes 
Fungicides - 
Sportak Alpha 1.5 l ha-1 
Tango 1 l ha-1 
Tilt Plus 1 l ha-1 
Sportak Alpha 1.5 l ha-1 
Tilt Plus 1 l ha-1 
Herbicides - 
Glean 75 DF 20 g ha-1 
Granstar 25 g ha-1 
Puma Universal 1.0 l ha-1 
Maraton 375 SC 4.0 l ha-1 
Chwastox D 3.5 l ha-1 
Maraton 375 SC 4.0 l ha-1 
 
For the determination of ammonium (N-NH4+) 
and nitrate (N-NO3-) ions, the total nitrogen (Ntotal), 
total organic carbon (TOC), pH and urease activity 
three samples of this soil were taken. These analyses 
for each sample were performed in three replicates. 
Urease activity in soils was determined by 
Hoffmann and Teicher method [17, 18]. In order to 
prepare standard stock solution, 0.0472 g of 
ammonium sulfate was dissolved of deionized water 
in a measuring flask of 100 mL in volume, where 1 
mL of this solution contains 10 g of nitrogen. The 
analytical curve was constructed by adding of 0.2; 
0.5; 1.0 and 1.5 mL working standard solution in four 
50 mL volumetric flasks. 9.0 mL of deionized water, 
4.0 mL of 1.32 M sodium phenolate and 1.0 mL of 
0.3 M NaClO were added for each standard for 
colorimetric analysis. The absorbance of the reaction 
was measured colorimetrically at λmax=630 nm using 
a UV-VIS spectrophotometer Beckman DU®-68 
USA. Urease activity in soils was calculated from the 
early-prepared analytical curve according to the 
Lambert-Beer light absorption law by means of the 
least squares formulas (1) (r=0.996), (figure 1). 
A =  c l          (1) 
where: A-absorbance, -molar absorption coefficient 
[83265 L mol-1 cm-1], c-concentration [mol L-1], l-
thickness of layer [1 cm]. 
According to the procedure, 10 g of air-dried 
soil was placed in a measuring flask of 100 mL in 
volume. Next, 1.5 mL toluene was added. All 
samples were mixed and allowed to stand for 15 
minutes at 20°C. After this time, 10 mL of 10% urea 
solution and 20 mL of 0.88 M citric buffer at pH=6.7 
were added. All the samples were placed at the 
temperature of 37°C for a period of 3 hours. After 
incubation, the volumetric flasks were made up 
deionized water. Next, samples were centrifuged at 
4000 r.p.m. for 20 minutes, and soil solutions were 
filtered. The urease activity assay was as follows: 1 
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mL of soil extract, 9.0 mL of deionized water, 4 mL 
of 1.32 M sodium phenolate and 1 mL of 0.3 M 
sodium hypochlorite solution were combined in a 50 
mL measuring flask. After 20 minutes, the volumetric 
flasks were made up with deionized water. The 
ingredients were mixed and an absorbance of the 
reaction mixture was measured colorimetrically at 
max=630 nm using a UV-VIS spectrophotometer 
Beckman DU®-68 USA. Deionized water served as 
control. 
Total nitrogen in the soils was measured by 
Kjeldahl method. The total organic carbon was 
analyzed on Total Organic Carbon Analyzer (TOC 
5050A) with Solid Sample Module (SSM-5000A) 
produced by Shimadzu (Japan) [17]. Nitrate and 
ammonium as nitrogen were determined in the same 
extracts. According to the procedure, the soil extracts 
were prepared by placing 10 g of air-dried soil in 250 
mL beakers and adding 30 mL deionized water. The 
samples were extracted for 30 minutes in a shaker at 
room temperature. Next, the mixture was centrifuged 
and filtered by Whatman filter GF/C. Nitrate ions 
were measured on ion chromatograph HIC-6A 
Shimadzu (Japan). Furthermore, ammonium ions 
were determined on ion chromatograph Waters 1515 
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Figure 1. Analytical curve for ammonium sulfate concentrations 
 
3. Results and Discussions 
 
Nitrogen addition to agricultural cropping 
systems is an essential facet of modern crop 
management and one of the major reasons the crop 
production. The significance of nitrogen is indicated by 
the fact that it is an important constituent of proteins, 
nucleic acids, porphyrins, and alkaloids. In the soil 90% 
and more of the total soil nitrogen is closely associated 
with soil organic matter, which acts as supplier of 
nitrogen to plant roots and microorganisms [12]. These 
studies indicate that differentiate of quantitative 
composition of total nitrogen were influenced by the 
types of the farming systems. The ecological (0.89 g kg-1) 
and conventional system (0.71 g kg-1) indicated higher 
than integrated (0.61 g kg-1) content of the total nitrogen 
in soil (table 2). Jończyk [6] reported that in the 
ecological system in most fields the increase of mineral 
nitrogen content and a reduction of its losses were 
observed. In the conventional system due to simplified 
crop rotation there were favorable conditions for losses of 
mineral nitrogen. Ammonium and nitrate is mobile that is 
subject to leaching and movement into water supplies. 
The magnitude of inorganic forms of nitrogen leaching 
depends on a number of variables, amount and time of 
rainfall, infiltration and percolation rates, 
evapotranspiration, water-holding capacity of the soil, 
and the presence of growing plants.  
The economic and environmental attributes of 
various farm types vary significantly and the variations in 
nitrogen leaching between farm types are therefore found 
due to differences in the production mix within farm-
types [14].  
Due the results in the paper showed mean values 
of determined amounts of these nitrogen forms. The 
higher concentration of ammonium and nitrate 
occurred in conventional (N-NH4+-9.2 mg kg-1, N-
NO3--7.8 mg kg-1) and integrated (N-NH4+-6.7 mg kg-
1, N-NO3--8.3 mg kg-1) than in ecological system (N-




Table 2. Mean total nitrogen (g kg), concentration of ammonium and nitrate (mg kg-1), total organic carbon, humus (g kg-
1), C/N, urease activity (mol h-1 g-1), pH (H2O) in the soils of four farming systems ( 95% confidence interval) 
Parameters Farming systems ecological conventional integrated 
Ntotal 0.890.05 0.710.04 0.610.03 
N-NH4+ 3.30.17 9.20.46 6.70.33 
N-NO3- 4.20.20 7.80.39 8.30.41 
C-org. 160.80 130.65 120.60 
humus 281.40 221.10 201.00 
C/N 17 18 19 
Urease activity 7.40.22 4.30.21 2.80.14 
pH (H2O) 6.2 5.5 5.0 
 
According to the research Stalenga and 
Kawalec [15] emission of nitrous oxide (N2O) in the 
ecological crop production system (0.44 kg ha-1) was 
more than two times lower than in two other systems 
(conventional 1.29 and integrated 1.07 kg ha-1) (table 
3). Non-application of mineral nitrogen was the main 
factor that considerably reduced the concentration of 
easily available mineral nitrogen in soils and thus 
N2O emissions in ecological system. Furthermore, 
diversified crop rotations with green manure improve 
soil structure and diminish emissions of nitrous 
oxide. Soil organic matter balance in the ecological 
system was positive and amounted to 1.9 t ha-1 year-1. 
This confirms high potential of ecological system in 
sequestration of carbon dioxide (CO2) in soil organic 
matter. 
 
Table 3. Emission of pure N2O and in CO2 equivalent (kg ha-1) in different crop production systems (1996-2007) [15]  
The content of mineral nitrogen in kg N (N-NH4++N-NO3-) ha-1 in different production systems (0-90 cm profile, the 
average in the crop rotation 2000/2008) [7] 
Farming systems 
Emission (kg ha-1) 
The content of mineral 
nitrogen in kg 
N (N-NH4++N-NO3-) ha-1 






N-fixing crops Total 
N2O CO2 N2O CO2 N2O CO2 N2O CO2 
Ecological - - 0.24 74 0.20 62 0.44 136 76-85 
Conventional 1.29 400 - - - - 1.29 400 79-111 
Integrated 0.64 198 0.30 93 0.13 40 1.07 332 88-107 
 
According to Kuś and Jończyk [7] the large 
variation in the content of mineral nitrogen in soil 
depends on soil cultivation system and weather 
conditions. These factors affect the rate of 
mineralization of organic matter and the movement 
of mineral nitrogen in the soil profile. It was the least 
content of mineral nitrogen (N-NH4++N-NO3-) 76-85 
kg ha-1 in the layer of 0-90 cm soil in the ecological 
system and the highest 79-111 kg ha-1 in the 
conventional system (table 3). The results concerning 
nitrogen balance indicate that the lowest risks 
associated with leaching of this component in the 
environment occurs in the ecological system and the 
least in conventional system. 
Dąbek-Szreniawska et al. [2] have been found 
that specific surface areas of soil samples from 
ecological system are significantly higher than those 
originating from the conventional system. Higher 
values of total porosity and lower average radii pore 
point to a more pronounced microporous structure of 
soil samples from the ecological system. The 
relatively better physical properties of soils from the 
ecological farming are most connected with the 
content of organic matter, which is important in the 
development of soil structure. These were in 
accordance with our results which showed that 
content of organic carbon was higher in the 
ecological (16 g kg-1) than in the conventional (13 g 
kg-1) and integrated (12 g kg-1) systems (table 2).  
The nitrogen content of organic residues, as 
reflected through the C/N ratio, is of primary 
importance in regulating the magnitude of the two 
opposing processes of mineralization and 
immobilization. The C/N ratio in the ecological, 
conventional and integrated systems ranged from 17 
to 19. 
Tillage has different effects on the soil 
ecosystem including soil carbon and nitrogen 
reduction, soil structure degradation, microbial 
community alteration, and consequently microbial 
biomass reduction [4]. Tejada et al. [19] showed that 
composed organic matter sources had positive effect 
on the soil properties such as structural stability, 
microbial biomass, soil respiration, urease activity. 
They also reported that organic by-products resulting 
from industrial processes represented an important 
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source of nutrients especially for organic fertilization. 
Conservation of agriculture promotes minimal 
disturbance of the soil (minimum or no tillage), 
balanced application of chemical inputs, and the 
careful management of residues and wastes [5]. 
According to Martyniuk et al. [8] activity of 
soil microorganisms or their physiological status is 
often characterized by metabolic quotient (qCO2) 
which relates soil respiration rate to the microbial 
biomass pool. The study by the same authors 
demonstrated that qCO2 is higher for the soils treated 
with mineral fertilizers only or receiving organic-
mineral fertilization (0.39-0.58 qCO2) than for the 
soils in ecological farming system (0.26-0.39 qCO2) 
under winter wheat (Table 4). In the studied soil, the 
biomass of microorganisms expressed as the 
percentage of soil organic carbon ranged from 2.03 to 
2.43% and was the highest in the ecological soil than 
other farming systems (table 4). 
Among enzymes, urease activities have been 
shown to be responsive to environmental conditions 
and agricultural management.  
This enzyme catalyzes the hydrolysis of urea to 
CO2 and NH3, which can be absorbed by soil particles 
and in this way it is easily accessible to plants.  
Tillage, residue management, fertilization and 
cropping practices have significant effects on urease 
activity in soils [10].  
It was shown urease activity was higher in the 
ecological system (7.4 mol h-1 g-1) than the 
conventional (4.3 mol h-1 g-1) and integrated (2.8 
mol h-1 g-1) systems.  
Comparing data related to the urease activity 
and pH level, it was observed that this enzyme 
activity increased together with increasing pH values 
(table 2).  
Inorganic nitrogen fertilization can have 
significant effect on soil microorganisms and 
enzymes through higher plant yields and thus, crop 
residues, and through its impact on soil pH, 
depending on the amount and type of fertilizer [1].  
 












soil org. C 
µg C-CO2 g -1 
soil d.m. 
x 106 g-1 soil 
d.m. 
x 103 g-1  soil 
d.m. 





Ecological 202-329 23-83 175-455 79-84 0.26-0.39 2.43 
Conventional 154-213 10-19 166-623 39-63 0.25-0.32 2.27 





The experiments with the application of 
generically different organic fertilizers, crop 
rotations, tillage, kinds and doses of plant pesticides 
made it difficult for us to analyze the results. Studies 
have documented a decrease in urease activity with 
increasing nitrogen fertilizer application.  
Our investigations indicate the effects of 
ecological system, namely the increase of urease 
activity, accumulation of total nitrogen, organic 
carbon and decrease in concentration of ammonium 
and nitrate ions compared with a conventional and 
integrated system.  
Comparing data related to the urease activity 
and pH levels, it was observed that urease activity 
increased together with increasing pH values and was 
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